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An increasing number of patients with severely angulated abdominal aortic aneurysm (AAA) necks are being treated by
endovascular aneurysm repair (EVAR). Optimal preprocedural planning and investigation of the AAA morphology is
essential to achieve a successful EVAR in these patients. In this article, we discuss specific problems that can be
encountered during preoperative planning in relation to periprocedural stent graft deployment in patients with angulated
AAA necks and offer potential solutions for these problems. (J Vasc Surg 2010;52:1081-6.)The proximal aneurysm neck is considered the Achilles’
heel of the endovascular aneurysm repair (EVAR) proce-
dure.1 The length, diameter, and angulation are regarded
as important morphologic features of the proximal aneu-
rysm neck,2,3 and more hostile aneurysm necks are related
to adverse EVAR outcomes.2,4-6 However, with the intro-
duction of newer stent grafts and with increasing experi-
ence in the use of endovascular devices, patients with
shorter, more severely angulated and wider aneurysm necks
are also considered eligible for EVAR.7
Angulation of the proximal aortic aneurysm neck
makes adequate proximal stent graft fixation and sealing
more difficult. For an optimal position of the stent graft
body, it is important that adequate planning has been
performed. Preprocedural computed tomography angiog-
raphy (CTA) measurements, the choice of stent graft size,
and the plan for deployment are all heavily influenced by
the angulation of the aneurysm neck.
The purpose of this article is to draw attention to the
specific preoperative preparation for EVAR in patients with
angulated abdominal aortic aneurysm (AAA) necks. Prob-
From the Department of Vascular Surgery, University Medical Center
Utrecht.
Support: This study was supported by an unrestricted grant from the Leatare
Foundation.
Competition of interest: J. A. van Herwaarden and F. L. Moll are consultants
for 3-Mensio Medical Imaging, B.V.
Correspondence: J. A. van Herwaarden, MD, PhD, Department of Vascular
Surgery, Room G.04.129, University Medical Center, PO Box 85500,
3508GA Utrecht, The Netherlands (e-mail: J.A.vanherwaarden@umcutrecht.
nl).
The editors and reviewers of this article have no relevant financial relation-
ships to disclose per the JVS policy that requires reviewers to decline
review of any manuscript for which they may have a competition of
interest.
0741-5214/$36.00
Copyright © 2010 by the Society for Vascular Surgery.
doi:10.1016/j.jvs.2010.02.024lems that can be encountered during preoperative planning
and stent graft deployment in patients with angulated AAA
necks are discussed, and potential solutions for these prob-
lems are given.
MEASUREMENTS AND PLANNING
In patients with angulated AAA necks, a CTA must be
obtained preoperatively for adequate planning of the
EVAR procedure, although magnetic resonance angiogra-
phy (MRA) can also be used. The morphology of the access
vessels, the aneurysm, and the proximal and distal stent
graft landing zones must be examined with the use of these
imaging techniques.
Aortic center lumen line. An aortic center lumen line
(CLL) of the aorta should be constructed with the use of
dedicated software. A reconstructed stretch view of the
aorta can thereafter be generated around this CLL. This
stretch view allows for optimal diameter measurements
perpendicular to the CLL and length measurements along-
side this CLL. The angulations in the proximal aortic
aneurysm neck must also be quantified with the use of a
volumetric 3-dimensional reconstruction of the aorta, ac-
cording to an earlier published protocol.8
Investigation of the aneurysm neck. Patients with
angulated aneurysm necks are more likely to have addi-
tional adverse morphologic neck features than other AAA
patients.9 The aneurysm neck should therefore be investi-
gated for its shape, length, and diameter as well as for the
presence of thrombus, calcification, and bulging.
The investigation of the AAA neck length is a compli-
cated part of this process. While measuring the aneurysm
neck length on a reconstructed view along the CLL, one
should realize that the length of a virtually stretched aneu-
rysm neck is being measured. The actual aneurysm neck
length is most likely not equal to the functional neck length
in patients with angulated necks. The functional neck is
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used for fixation and sealing of the stent graft. Angulation
in an aneurysm neck, however, hampers the effort to use
the entire neck for stent graft fixation and sealing.
An inner and outer curvature exists in an angulated
aneurysm neck, with the shorter inner curvature probably
being the limit of the functional neck (Fig 1). A stent graft
can only use the entire length of the neck for fixation and
sealing if the aneurysm neck is straightened. Periprocedural
straightening of an aneurysm neck thus increases the func-
tional neck, which is therefore desirable.
It is important to estimate the straightening possibili-
ties during the procedure because this may optimize the
sealing zone for the stent graft and also possibly influences
the stent graft sizing process. Whether the aneurysm will
straighten during EVAR depends on many factors, how-
ever, and is therefore hard to predict.
One factor is the patient’s anatomy. Calcification of the
aneurysm neck, the length of the neck, the presence and
morphology of lumbar arteries in the AAA neck, and the
angle between the neck and the common iliac arteries all
determine the possibility of straightening the aneurysm.
Another important factor is the stiffness of the guidewire
introduced during the procedure. A stiff wire is more likely
than a less stiff wire to straighten the tortuosity of the access
vessels and the AAA neck.
The length of an aneurysm neck probably is the most
important anatomic factor determining the straightening
possibilities during the procedure. A guidewire in a long
aneurysm neck is forced to follow the track of the aneurysm
neck and take the inner-outer curvature route. In a short
aneurysm neck, however, the guidewire will take the inner-
inner curvature route, which is almost straight; therefore,
the longer the angulated aneurysm neck, the more it can be
Fig 1. The yellow lines in the aneurysm neck are lumen l
line in the inner curvature of the aneurysm neck is on th
on the left. The center lumen line length indicates the tr
neck.straightened during the procedure.Stent graft sizing. The instructions for use of most
stent grafts recommend oversizing the body of a stent graft
10% to 20% compared with the preoperative aortic neck
diameter. These recommendations are based on straight
aneurysm necks and thus symmetric placement of the stent
graft.
In an angulated aneurysm neck, however, the stent
graft size needs to be determined after the investigation of
the morphology of the neck and the estimation of the
periprocedural angulation. It is important to realize that
there is a possibility that a stent graft can be positioned
asymmetrically in an angulated aneurysm neck. This asym-
metric deployment can occur because of the asymmetric
positioning of a guidewire in an angulated aneurysm neck,
which is caused by the curves in the neck and the stiffness of
the wire and the delivery system.
The differences between symmetric and asymmetric
positioning are shown in Figs 2 and 3. The following
explanation describes the possible consequences of asym-
metric positioning on stent graft sizing by giving a simple
example:
Imagine a patient with an aneurysm neck diameter of 25
mm (circumference, 78.5 mm). A symmetrically placed stent
graft with a diameter of 30 mm would fit perfectly in this
aneurysm neck (20% oversizing). If this stent graft is not
placed symmetrically, but at an angle of 20° to the aneurysm
neck, the oversizing will be less. The area that has to be
covered by the stent graft will be elliptically shaped and more
aortic wall will have to be covered. In this situation, the
circumference of the ellipses will be 81.2 mm, which corre-
sponds to a circle with a diameter of 25.8 mm, and the
oversizing will be 16% instead of 20%. If the stent graft is
placed at an angle of 40% to the aneurysm neck, which is not
uncommon in severely angulated necks, then the circumfer-
he center lumen line is projected in the middle, a lumen
t, and a lumen line in the outer curvature of the neck is
gth of the neck, but will probably not be the functionalines. T
e righ
ue lenence of the ellipse of the neck increases to 92.0 mm, which
ulated
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(circumference, 92.0 mm). In this situation, a stent graft of 30
mm is only oversized 2.4% (Fig 4).
We therefore believe that stent grafts should be over-
sized 20% (based on diameter measurements perpendic-
ular to the aorta) if asymmetric placement can be expected.
Fig 2. A, A symmetrically deployed stent graft is sh
asymmetrically positioned stent graft is shown in an ang
Fig 3. This is an enlargement of the aneurysm neck that is shown
in Fig 2, B. The stent graft is placed asymmetrically compared with
the aneurysm neck. The asymmetric placement of stent grafts may
have serious consequences.Because the appropriate diameter of a stent graft dependson the preprocedural straightening of an aneurysm neck
and the position of a guidewire in the neck, stent grafts with
different proximal diameters should be available during
EVAR procedures in angulated necks. Furthermore, the
interventionalist should anticipate stent graft deployment
over very stiff and less stiff guidewires, which may influence
in a straight aneurysm neck. B, An example of an
aneurysm neck.
Fig 4. Drawings show the consequences of asymmetric stent
graft placement. The radius/diameter of a plane not perpendicular
to aorta increases the more oblique it is placed to the perpendicular
plane, thereby influencing the degree of oversizing.ownthe symmetry of the stent graft placement.
for th
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determined, the preferable access site for the main device is
chosen. This, apparently, depends on the diameter and
calcification of the access vessels and on the morphologic
characteristics of the AAA neck. The angulation of the iliac
vessels should not be forgotten, however. The tortuosity of
the iliac vessels, and especially the aortoiliac angle, influ-
ences the direction of the guidewire and, thus, of the stent
graft. The straightening of the aneurysm neck, which de-
termines the length of the functional neck, and the final
track of the guidewire, which determines whether the stent
graft can be deployed in line with the aorta or asymmetri-
cally, are therefore also dependent on the access site for the
main device (Fig 5). Therefore, the interventionalist should
anticipate the introduction of the stent graft from either
groins when planning the procedure.
C-arm positioning. Another important aspect of pre-
operative planning is the determination of the most optimal
C-arm position, with a view perfectly perpendicular to the
origin of the lowermost renal artery. A suboptimally posi-
tioned C-arm will cause overlap of vascular structures. By
optimally positioning the C-arm, the stent graft can be
deployed just below the lowermost renal artery, allowing
for maximal sealing and fixation of the stent graft in the
aneurysm neck (Figs 6 and 7).
The most optimal C-arm position depends on the clock
position of the ostium of the lowermost renal artery and the
angulation of the aneurysm neck, which can be determined
preoperatively. The C-arm needs to be angulated orthog-
onally to the aortic neck and orthogonally to the armpit of
the most distal renal artery. This most optimal position of
the C-arm can be different during the procedure than
expected preoperatively, as the aneurysm neck possibly
straightens out more or less than expected. We have found
that although the angulation of the AAA neck can change
perioperatively, the clock position of the renal arteries does
not change under the influence of an introduced guidewire
or stent graft. Moreover, the most optimal C-arm position
Fig 5. The green lines are expected guidewire routes. L
guidewire is introduced in the left groin. The access sitecan be checked and fine-tuned during the procedure if stentgrafts with more than two markers at the proximal end are
used. If a stent graft has more than two proximal markers at
one level, then all markers are visible in a straight line in the
most optimal C-arm position.
We therefore advise that a stent graft should be intro-
duced under fluoroscopy, with the C-arm in the standard
anterior-posterior position, up to the expected location of
the lowermost renal artery. The C-arm is thereafter angu-
A guidewire is introduced in the right groin. Right, A
e guidewire influences the route of the guidewire.
Fig 6. Inaccurate positioning of the C-arm underestimates the
length of the abdominal aortic aneurysm (AAA) neck. Panel 1, A
neutral position of the C-arm is shown in the images on the top.
Although the stent graft position seems visually right, the stent
graft position is suboptimal, and the entire neck is not used for
stent graft fixation and sealing. Panel 2, A C-arm position orthog-
onal to the aortic angulation (cranial-caudally angulated) is shown.
The entire AAA neck is used.eft,lated in the preoperatively determined most optimal posi-
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renal arteries into account. Angiography is then performed,
and deployment of the stent graft is started at the desired
position. After deployment of the proximal stent ring(s),
the C-arm position can be corrected in the cranial-caudal
direction, if necessary, by using the proximal markers of the
stent graft. A new angiogram is thereafter advised for
fine-tuning of the stent graft position and full stent graft
deployment thereafter.
DISCUSSION
EVAR is increasingly being used as an alternative for
open repair in patients with hostile proximal aneurysm neck
anatomy. More patients with a hostile neck are considered
suitable for EVAR and exclusion criteria are narrowing.10
Nonetheless, inferior EVAR outcomes have been reported
in patients with severely angulated proximal aneurysm
necks.2,4-6 EVAR is far more complex if the proximal
aneurysm neck is angulated, and more stent grafts are
deployed at suboptimal positions in these circumstances. If
this is acknowledged and the potential obstacles in patients
with angulated aneurysm necks are recognized, one can
adapt to these. By doing this, the results of EVAR in
patients with angulated aneurysm necks can be improved.
The functional neck length and the possibility of en-
larging this neck by straightening the aneurysm neck, can
be investigated by adequate preoperative investigation and
planning. Besides, it can be necessary to adapt the stent
graft size (oversize the stent graft20% based on diameter
measurements perpendicular to the aorta) in angulated
aneurysm necks. A potential drawback of this oversizing is
the possible relationship between oversizing and neck dila-
Fig 7. Inaccurate positioning of the C-arm underestimates the
length of the abdominal aortic aneurysm (AAA) neck. Panel 1, A
C-arm position in neutral position is shown. Again, the stent graft
position seems visually optimal. Panel 2, Lateral angulation of the
C-arm provides a view orthogonal to the clock position of the renal
arteries. This view allows the entire use of the AAA neck for stent
graft fixation and sealing.tation and stent graft migration. Until now, however, norelation between oversizing and neck dilatation has been
confirmed.11 Moreover, oversizing of up to 25% seems to
decrease the risk of proximal endoleaks.11 We believe that
oversizing of stent grafts should be at least 20% in some
patients with angulated aneurysm necks.
If asymmetric stent graft placement is considered a
possibility, it is advisable to have several stent graft sizes
available during the endovascular procedure. The degree of
oversizing of the stent graft can be adapted to the straight-
ening of the aneurysm neck, the (asymmetric) position of
the guidewire, and the access site of the main device.
Straightening of an angulated aneurysm neck is desir-
able and can be achieved by the introduction of a very stiff
guidewire. However, a stiff guidewire will probably be
placed asymmetrically in an angulated neck. To prevent
asymmetric deployment, a second stiff guidewire can be
introduced for the delivery of the stent graft. If the stent
graft introduced over the second guidewire is in an optimal
place for deployment, the guidewire over which the stent
graft is introduced can be replaced by a less stiff wire. This
will result in a more symmetric placement of the stent graft.
Nevertheless, one should note that changing a guidewire is
not allowed in all stent grafts according to the instructions
for use.
In patients with angulated aneurysm necks, it is impor-
tant for several reasons that most of the aneurysm neck can
be used as the functional aneurysm neck: First, the radial
forces of a stent graft can only be used for sealing and
fixation if it is placed appropriately to the aortic wall. In a
more angulated neck, the length of the stent graft align-
ment to the aneurysm neck will be shorter than in a straight
aneurysm neck.
Second, the greater the curvature of a tube, the greater
the change in velocity of fluid (blood flow velocity) that
circulates in this tube. The force applied against the wall of
a tube by a fluid (blood flow) is proportional to the square
of the change in velocity in angulated necks, thus resulting
in an increased displacement force.6
Finally, appropriate positioning, sealing, and fixation
are all the more important in patients with an angulated
aneurysm neck, because angulated aneurysm necks are re-
lated to other adverse anatomic characteristics.9
We believe, as was discussed, that appropriate oversiz-
ing of stent grafts in patients with angulated aneurysm
necks is important. The asymmetric positioning of a stent
graft can lead to (intermittent) proximal type I endoleaks or
stent graft migration. This problem can be partly overcome
by the deployment of a stent graft with suprarenal fixation.
Suprarenal fixation diminishes the problem of asymmetric
fixation because the angle between the suprarenal and
infrarenal aorta is usually smaller than the angle between
the infrarenal aorta and the AAA sac. This advantage is
particularly present if the proximal bare stent is deployed
first (non-bare-stent-captured device), but the fine-tuning
of the positioning in these stent grafts is generally consid-
ered to be more difficult.
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Specific problems come along with the endovascular
exclusion of an AAA in a patient with an angulated aneu-
rysm neck. Accurate preoperative measurements, planning,
and perioperative attention help to identify, recognize, and
adapt to these problems. Doing this can improve the results
of EVAR.
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